1. Introduction {#sec0005}
===============

COVID-19, the clinical disease state resulting from an infection with SARS-CoV-2 has impacted all sectors of society, including sport. Sport is an important part of society and has a key role to play in restoring normality after the initial wave of COVID-19. In the current environment, sport organisations and athletes are faced with complex decisions regarding the resumption of training and sporting activities, particularly in high performance/professional sport where athletes are effectively returning to work. Unique and intrinsic characteristics of high performance/professional sport include sharing facilities and equipment and close and prolonged physical contact between teammates and opponents. These factors coupled with maximal levels of physical exertion, which likely increase aerosol generation, are conducive to the spread of infectious diseases. The overriding priority for high performance/professional sport, must ensure that any return to activity does not endanger athletes, staff and the public. A proactive risk management strategy including protocols for a possible case of COVID-19 must be in place.

In situations of potential elevated local prevalence, early detection of COVID-19 is a crucial prerequisite for effective isolation, treatment and tracing of contacts. Testing of asymptomatic persons has been proposed in other higher risk situations as an effective means to mitigate workforce shortages such as in healthcare.[@bib0005] Large scale testing and isolation of asymptomatic individuals has the potential to substantially reduce the prevalence of COVID-19. Mass polymerase chain reaction (PCR) screening of 300 people was undertaken in an Italian town and all positive cases were isolated. As a result, people with COVID-19 symptoms reduced by 90% in 10 days.[@bib0010] Structuring testing for early identification of asymptomatic carriage as well as probable and confirmed cases is the best approach to mitigate increased risks associated with the high-performance sporting environment in areas of widespread local transmission.

In the absence of a national or international eradication strategy it must be accepted that the occurrence of sporadic cases appearing within the sporting environment is inevitable. The capacity to quickly identify and effectively manage sporadic cases to contain transmission should be the rate limiting step in determining if, when and how, high performance/professional sporting activity should proceed in the absence of COVID-19 eradication. Integration of devices that can be made available at the point of care (PoC) to facilitate the rapid diagnosis of COVID-19 can be a consideration.[@bib0015]

Point of care testing alone is not a sufficient risk mitigation strategy and careful planning of an outbreak monitoring program in collaboration with Local Public Health Authorities is required. Testing facilities and protocols need to be aligned to the resources available and skill sets of the attending physicians. A comprehensive approach to the management of a potential infectious disease outbreak in the high-performance sporting environment requires monitoring of the recent exposure and illness status of all individuals within the team. An assessment of the capacity to effectively track, diagnose and contain infection should be performed in conjunction with input from an expert infectious diseases physician.

2. Overview of test options {#sec0010}
===========================

SARS-CoV-2 can be identified from clinical samples utilising molecular tests (e.g. PCR, next generation sequencing (NGS), Crisper Cas 12 and 13), serology testing, rapid antigen testing, and viral culture with electron microscopy. PCR is the recommended modality for diagnosing viral respiratory infections.[@bib0020] Some public health laboratories use NGS on positive PCR samples to obtain the genetic sequence of SARS-CoV-2 to monitor patterns of transmission and mutations.[@bib0025] PCR is considered ideal for identifying the presence of viral respiratory tract infections in most circumstances and is combined with clinical findings to provide a final diagnosis of COVID-19.[@bib0030]

PCR identifies the presence of SARS-CoV-2 genetic material in a clinical sample obtained from nasopharyngeal or throat swabs.[@bib0020] It should be noted that any clinical sample can be PCR tested with appropriate extraction methods. PCR tests for respiratory viral infections have a high sensitivity and specificity.[@bib0035] However, currently available data for SARS-CoV-2 detection from clinical samples by PCR testing suggests higher false negative rates than is usually observed for validated PCR tests of well characterised pathogens.[@bib0040]

Methods used for PCR testing for SARS-CoV-2 vary between laboratories in different countries or regions. Important differences to note include the sequence of targets chosen, the number of targets used for a given assay and Ribonucleic acid (RNA) purification and extraction methods. Commercial assays adopted by public health laboratories help to standardise the testing process and will be refined over time with emerging evidence about each testing kits performance.[@bib0045] Sample collection, transport, storage and patient selection are other important factors to consider for test performance.

A positive PCR test for SAR-CoV-2 confirms the presence of the virus. In an asymptomatic individual, this can indicate either asymptomatic carriage or the individual in the incubation period, who may progress to develop COVID-19. Epidemiological reports from the Diamond Princess cruise ship demonstrated 50% of PCR positive cases were asymptomatic (*n*  = 320 asymptomatic cases; symptomatic cases, *n*  = 314; total, *n*  = 634),[@bib0050] with increasing reports of asymptomatic transmission globally.[@bib0055], [@bib0060], [@bib0065], [@bib0070], [@bib0075] All patients testing positive for SARS CoV-2 are likely important sources of viral transmission with 44--55% of transmissions occurring in the asymptomatic stage[@bib0080] and is likely to contribute to the higher reproduction number observed.

3. Brief description of the test and characteristics {#sec0015}
====================================================

In an outpatient setting, samples obtained for the detection of SARS-CoV-2 can either be collected from the nasopharynx and/or throat swabs, saliva[@bib0085] or sputum. Although optimal sample type for diagnosis was initially debated, nasopharyngeal swabs are more sensitive than throat swabs to detect SARS-CoV-2.[@bib0090] Comparison of various specimen types, with bronchoalveolar lavage fluid specimens showing the highest true positive rate (93%), followed by sputum (72%), nasal swabs (63%), fibro-bronchoscope brush biopsy (46%), pharyngeal swabs (32%), faeces (29%), and blood (1%) with urine specimens not testing positive by PCR.[@bib0095] Nasopharyngeal swabs likely represent the best practical means of testing for COVID-19 in the outpatient setting.[@bib0015]

Concerns of sexual transmission from men given the combination of high levels of angiotensin converting enzyme 2 (ACE-2) expression in the testicles and persistent viral excretion observed from immune privileged tissues have been investigated. SARS-CoV-2 has not been observed in the semen of infected individuals or from testicular biopsy from patients at various stages of illness.[@bib0100] There is no clinical indication for PCR testing of semen currently.

The probability of correctly obtaining a positive test result in an infected individual is estimated to be highest at the time of symptom onset and gradually declines over the subsequent 3--4 weeks.[@bib0080], [@bib0090] However, in the pre-symptomatic period, it is estimated that PCR testing will be positive in the 2--3 days prior to the onset of symptoms.[@bib0080] This window from exposure to first symptoms (the incubation period) presents as an opportunity for primary prevention for team members who would have been in close contact. Relying on symptomology delays intervention and allows the virus to be communicated to contacts of the infected individuals at the start of the infectious period. The effectiveness of this strategy will depend on the pre-test probability of the patient having the infection which is a function of the current community prevalence.

False negative rates have the potential to undermine any testing and screening program and a cautious approach should be utilised given reports of false negative results as high as 34%.[@bib0040] Repeating the test 24 h later can reduce the risk of false negative[@bib0090] and should be a consideration for assessing symptomatic patients when there is a high index of suspicion or if the test results are being relied on to remove an individual from isolation. Parallel screening methods can improve sensitivity of clinical testing. Therefore, a clinical review in conjunction with PCR testing of symptomatic individuals represents best practice. Known symptoms and vectors of transmissions should also be investigated at the time of PCR testing to reduce the reliance on a single test.

The probability of obtaining a false positive PCR test for SARS-COV-2 has not been described in the literature to date. Cross reactivity with other Deoxyribonucleic acid (DNA)/RNA present in the sample is unlikely given the design used for primers utilises a comprehensive genetic analysis to account for cross reactivity.[@bib0105] While cross reactivity is not expected with commercial and public health laboratory assays, this possibility is yet to be formally established in the post marketing data. False positives in PCR testing for respiratory viruses in general are thought to be rare when testing is conducted in an ideal setting. The causes of the small number of false positives are likely a result of sample and test contamination as opposed to the intrinsic testing process.[@bib0110] Given the extensive measures currently in place by the Federal, State and Territory Governments in Australia, the potential public health consequences and the overall low probability of a false positive, these risks are currently considered manageable.

Co-infection of SARS-CoV-2 is common and should be considered, particularly for pathogens with an approved therapy (e.g. influenza). An analysis of 116 SARS-CoV-2 positive samples in Wuhan, People\'s Republic of China, found 21% of samples were positive for at least one additional respiratory pathogen.[@bib0115] The identification of co-infections can alter management decisions and identify individuals who may have a more complicated recovery phase.

4. Ancillary testing options {#sec0020}
============================

Next generation sequencing (NGS) platforms such as the MinIon are currently transitioning from the research only context to a potential PoC tool. NGS platforms (e.g. MinIon) can be used to generate whole genome sequences for detailed epidemiological analysis or perform nanopore targeted sequencing, and have been successfully implemented as part of a field laboratory set up to investigate Ebola and Zika virus outbreaks.[@bib0120], [@bib0125], [@bib0130] Combining NGS with PCR has demonstrated improved diagnostic performance and reduced false negative rates compared to PCR alone.[@bib0135]

Serological tests aim to detect the presence of antibodies from blood samples. Laboratory based serological studies have demonstrated an increase in total antibodies followed by Immunoglobulin M (IgM) and Immunoglobulin G (IgG) respectively. The median seroconversion time following illness onset, as measured by a laboratory based enzyme-linked immunosorbent assay (ELISA) assay, results in a positive at 10 days for IgM and 12 days for IgG.[@bib0140] 30% of individuals who have recovered from a confirmed SARS CoV-2 infection (i.e. COVID-19) do not produce detectable levels of antibodies.[@bib0145] The PoC lateral flow device intends to identify the same antibodies (i.e. IgM and IgG). Currently, there is no data available for accuracy of these kits. It is not expected that they will be capable of similar accuracy as the laboratory-based ELISA assays. Therefore, PoC lateral flow devices should not be relied upon to confirm a negative result in the acute phase of illness. The primary role for laboratory based serological testing is to understand patterns of immunity, and previous exposure.

Antigen tests have been previously used for influenza as a PoC test, however their implementation has been limited due to poor sensitivity and negative predictive value.[@bib0150] It is unlikely that a rapid antigen test will provide any risk mitigation benefit in the high performance/professional sports context.

5. Lung imaging {#sec0025}
===============

Lung imaging has been used as an adjunct to molecular testing to identify COVID-19 cases. In the People\'s Republic of China and Italy, chest CT has been shown to have high sensitivity and moderate specificity in hospitalised patients.[@bib0040], [@bib0155] Currently, it is unclear when radiographic changes occur during COVID-19 or the severity of the patient condition this applies to. In the hospital setting it has been observed that people infected with SARS-CoV-2 can present with radiological and clinical features suggestive of COVID-19 but an initial negative PCR test. The time to positive PCR test result in these patients was between 2 and 8 days.[@bib0160] There has been reports of chest CT abnormalities that were identified preceding the onset of symptoms in adults[@bib0165] and in paediatric patients.[@bib0170]

In order to minimise radiation exposure of athletes who are well enough to be managed as an outpatient, lung ultrasound should be considered as an alternative to chest CT. Lung ultrasound may have a role in diagnosis and clinical monitoring of unwell patients.[@bib0175] In the high performance/professional sport environment, team physicians are often skilled in PoC ultrasound and there is no risk of radiation exposure to the athlete. It would be uncommon for high performance/professional athletes to have pre-existing lung pathology that would result in an abnormal lung ultrasound at baseline. This raises the pre-test probability that an irregular pleural line or the presence of B lines should trigger further investigation or suspicion of a false negative PCR test. Lung ultrasound has been used to help diagnose and monitor COVID-19 in an outpatient setting.[@bib0180], [@bib0185], [@bib0190]

6. Strategic approach to testing {#sec0030}
================================

PCR tests that can be used on portable and automated analysers are being developed and imported under emergency authorisation schemes. In a high performance/professional sport environment, these devices can enable broader testing with shorter turnaround times to identify asymptomatic carriage when there is potential for increased but occult outbreak risk. The current options available are summarised in [Table 1](#tbl0005){ref-type="table"} .Table 1Potential near patient or point of care (PoC) molecular testing options for high performance sporting context.Table 1![](fx1_lrg.gif)

Two potential units that could be deployed practically in a high-performance sport context include the bioMérieux BIOFIRE® FILMARRAY® system and the Cepheid GeneXpert system. Both systems fit easily on a benchtop and integrate sample preparation, reverse transcription and quantitative polymerase chain reaction (qPCR) interpretation into a sealed cartridge-based system which takes 45 min to test result. The BioFire® FilmArray® assay currently tests for 21 targets from a single sample and will add SARS-CoV-2 later this year. The GeneXpert tests 1-2 targets per test. Although both systems are scalable, that allows testing of multiple samples at a time, the GeneXpert is a smaller integrated system that allows screening multiple samples for a single target. The accuracy of these tests is widely accepted with units being utilised in public hospitals, particularly in emergency departments.[@bib0195]

In the United States of America, systems need to be Clinical Laboratory Improvement Amendments (CLIA) waived or have a corresponding complexity of testing appropriate for the intended use. In Australia, registered physicians can use diagnostic tests that are listed on the Australian Register of Therapeutic Goods (ARTG) and hold approval as an in vitro diagnostic device (IVD). Approved tests can be carried out providing they are conducted in line with the manufacturer\'s description of the intended use and there is a documented policy conforming to the Guidelines for Point of Care Testing (PoCT) First Edition 2015.[@bib0200] However, additional standards apply if the physician intends on billing Medicare (in Australia) for diagnostic services.

Infectious disease testing requires additional consideration for biosafety at each stage of testing. These will vary depending on the equipment and context chosen for testing. The manufacturer\'s documentation regarding biosafety must always be followed. If testing is conducted outside of a laboratory setting, it is recommended that any manual handling of samples should be conducted inside of an appropriately sized, negative pressure flexible film isolator compliant with clause 10.7.2 of Australian/New Zealand Standard TM, Safety in laboratories "Part 3: Microbiological safety and containment (AS/NZS 2243.3:2010)[@bib0205]" in conjunction with appropriate personal protective equipment.

7. Case definitions for high performance sport {#sec0035}
==============================================

All persons within the high-performance sport environment will fit into one of six case definitions proposed for PCR screening protocol in high performance sport ([Fig. 1](#fig0005){ref-type="fig"} ).Fig. 1Proposed case definitions for a PCR screening protocol in high performance sport.Fig. 1

Case definitions are mouldable to the context and resources available. Given limited resources available during travel with sporting teams (internationally and domestic), it may not be possible to perform sufficient testing in a timely manner to fully understand the transmission dynamics occurring, even in symptomatic individuals. In the absence of sufficient testing capacity, the team physician should consider modifying the case definitions (listed in [Fig. 1](#fig0005){ref-type="fig"}) to assume the presence of the illness persisting until it has been reasonably excluded by time in isolation or a suitable sequence of tests. It is important to keep a documented record of modified case definitions in each context.

The aim of utilising COVID-19 tests combined with symptoms and epidemiological exposure is to stratify all members of the team into categories according to their risk assessment. Management strategies should prioritise the health status of the individual, wider team, and the community. Risk assessment of all team members is a dynamic process and will change as a situation unfolds. All athletes and personnel need to be re-evaluated upon identifying a positive COVID-19 case.

Case definitions listed in [Fig. 1](#fig0005){ref-type="fig"} can be used as a template for approaching management and testing decisions in a high-performance sport environment with sufficient testing capacity. [Fig. 2](#fig0010){ref-type="fig"} illustrates a proposed decision-making tree of the team physician responsible for testing. Risk identification and mitigation is illustrated in [Table 2](#tbl0010){ref-type="table"} . Depending on resources available and the current community prevalence, PCR could be utilised as an entry tool into the high performance/professional sporting environment, as a surveillance tool to randomly sample individuals or be triggered by high risk exposures.Fig. 2Management algorithm for the approach to asymptomatic or minimally symptomatic PCR positive patients. POC PCR, point of care polymerase chain reaction; PHL, public health laboratory.Fig. 2Table 2Risk identification and mitigation.Table 2OutcomeRiskRisk if there is no PoC testRisk if PoC test is implementedRisk DifferenceRelevant Risk Mitigation StrategyFalse negative COVID-19False negative is not able to be confirmed by the public health lab100% of COVID cases will continue to interact with the community actively spreading the infection as a test would not have occurred.Up to 30% of cases tested could be a false negativeRisk is lower by completing PoC testingPatient should be isolated and retested next day if there are clinical concerns for a false negativeFalse negative that can be corrected by the public health laboratoryCould not occur as the public laboratory does not need to confirm its own resultThe chances of this occurring are unknown but expected to be small with units listed in [Table 1](#tbl0005){ref-type="table"}.This should be small given the similar automated tests are used in the public hospital settingConsider sending a proportion of negative samples to a public health laboratory for confirmation.False positive COVID-19If a positive is identified and the public health lab is unable to confirm thisCould not occur as no confirmation test is doneUnnecessary diagnosis, further investigation and isolation\
Unnecessary intensity of clinical monitoring\
Stigma attached to having COVID-19\
Initiating therapeutics assuming positive resultFalse positive rates are expected to be small\
Treatment is currently only symptomatic treatment and isolation, no pharmacological risk currentlyInformed consent within the team prior to doing test\
Careful maintenance and cleaning of working space to limit contamination\
May require additional support from team doctor/mental health professionalFalse positive that can be corrected by the public health laboratoryCould not occurConsider probability that a low positive sample degrades prior to reference laboratory testing\
Confusion and distrust in PoC testDiscordant PoC to public health laboratory results could occur. The chances of this occurring are unknownReference laboratory testing is a risk mitigation strategy\
Review for sources of contamination in testing workflow\
Complete additional negative quality controls\
Option of re-testing same individuals 24 hours later

8. Conclusion {#sec0040}
=============

Doctors involved in high performance sport may be required to diagnose and manage possible outbreaks as a result of the COVID-19 pandemic. All symptomatic individuals should be tested for COVID-19. Testing of asymptomatic individuals may be considered in circumstances where community prevalence is increased, where there has been recent high-risk exposure or as a part of a surveillance project. Currently PCR is the only way of identifying asymptomatic or pre-symptomatic carriers who are responsible for approximately 44%--55% of transmissions of COVID-19. Some of this risk can be mitigated by implementing PCR based screening protocols in conjunction with well-structured case definitions detailing how to approach the management of asymptomatic PCR positive patients. Setting up a PCR testing process for high performance sport needs to consider many factors beyond the simple purchasing of equipment required for testing. Factors including biosafety, minimising sources of error in the chosen workflow, quality control and regulatory issues have been reviewed.

Practical implications {#sec0045}
======================

•PCR testing is the only means of identifying individuals who are asymptomatic carriers of SARS-CoV-2, however the false negative rates in this period is unclear.•Asymptomatic patients likely account for 44--55% of SARS-CoV-2 transmissions and has significant implications for community transmission.•High performance/professional sport may look to allocate resources to dedicated PCR testing as a part of medical service provision to its athletes for improved time to test result or expanded indications for testing.•Any expanded testing framework should prioritise circumstances of elevated pre-test probability. Regular surveillance of well people may be useful in larger groups.•Implementing PoC PCR should only occur after due consideration of the local regulatory frameworks; capacity to manage identified cases and reporting obligations, capacity to implement appropriate quality standards, and biosafety at all stages of testing.•Portable PCR testing in sport is potentially useful for teams when time to test result is crucial or for teams travelling internationally where access to testing is limited.•Portable PCR testing in sport is likely only suitable for a subset of high performance/professional sport considering the initial and ongoing cost, requirement for a doctor with an appropriate skill set and access to sufficient personal protective equipment (PPE).
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